Rationale: Sleep disturbance during intensive care unit (ICU) admission is common and severe. Sleep disturbance has been observed in survivors of critical illness even after transfer out of the ICU. Not only is sleep important to overall health and well being, but patients after critical illness are also in a physiologically vulnerable state. Understanding how sleep disturbance impacts recovery from critical illness after hospital discharge is therefore clinically meaningful.
environment (9) . Surveys of ICU patients show that self-reported sleep disturbance is common, in some cases being reported by 100% of patients (10) (11) (12) . In quantitative studies of sleep, ICU patients show reduced sleep efficiency, reduced slow-wave and rapid eye movement (REM) sleep, increased daytime sleep, and significant sleep fragmentation (3, 13, 14) . As a consequence, poor sleep in the ICU is believed to contribute to adverse hospital outcomes, including delirium, poor respiratory function, aberrant immune system activation, and increased mortality (3, (15) (16) (17) .
Although there is evidence that critically ill patients have persistent sleep disturbances after transfer from the ICU to other floors, less is known about the lasting impacts of critical illness after hospital discharge (18) (19) (20) (21) . In qualitative interview studies, critical illness survivors commonly describe sleep difficulties, including themes of "longing for normal sleep" and "being tormented by nightmares" after hospital discharge (22, 23) . Given the vulnerable state of patients after critical illness, it is important to understand how poor sleep after hospital discharge may impact recovery (24) . The aim of this Systematic Review is to identify studies describing the prevalence of and risk factors for sleep disturbance in critically ill patients after hospital discharge.
Methods
We used the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines as a model for conducting this Systematic Review (25, 26) . Specifically, our Population, Intervention, Control, Outcome (PICO) question was framed as: "What is the prevalence of and risk factors for sleep disturbance (O) in posthospitalization patients (P) who were admitted to an ICU for critical illness (I)". Given the nature of our desired outcomes, no control group (C) was required. We define "sleep disturbance" as sleep that is abnormal in timing, quality, or quantity and/or sleep that is insufficient for normal daily function.
We conducted our search through the following electronic databases: PubMed (no date restrictions, final search on January 4, 2017), MEDLINE (1946-present, final search on January 4, 2017), and EMBASE (1974-present, final search on February 1, 2017). We included original articles assessing posthospitalization sleep for at least one time point in patients who experienced medical critical illness. Our inclusion criteria required that a study either: (1) subjectively assess sleep through a standardized questionnaire measure; or (2) use objective sleep assessment tools (such as polysomnography [PSG] or actigraphy) and report general sleep parameters, such as total sleep time, sleep efficiency, or arousal index.
We excluded studies focused primarily on patients with postoperative, burn injury, or acute neurologic injury (such as traumatic brain injury or stroke). We excluded studies without measurements after hospital discharge, studies using only open-ended interviews to assess sleep, nonadult studies, non-English publications, review articles, editorials, case reports, and abstracts.
Search Terms
The following search terms and medical subject headings were used to capture sleep studies: "sleep disturbance," "sleep quality," "sleep wake disorders," "dyssomnias," "sleep disorders, circadian rhythm," "sleep deprivation," "insomnia," and "chronobiology disorders." Posthospitalization patients were captured by the following search terms and medical subject headings: "critical illness," "critically ill," "intensive care unit(s)," "patient discharge," "critical care," "ICU," "post-ICU," "hospital discharge," and "posthospital." Results from each database were imported into a citation manager (EndNote X7). Each reference was reviewed (title, abstract, full text if necessary) to determine eligibility. We also searched reference lists of articles obtained through our primary search for additional relevant articles. Search results were screened by one reviewer (M.T.A.) and resulting full-text articles were independently evaluated for inclusion by three reviewers (M.T.A., M.A.P., M.P.K.); disagreements were resolved by consensus. Data extraction was performed by one reviewer (M.T.A.).
We extracted from each article its study design, patient characteristics, sample size, and sleep assessment tool. For each study, we recorded prevalence and severity of sleep disturbance with associated time point, objective PSG and actigraphy measurements, and risk factors for sleep disturbance.
Results

Study Inclusion, Characteristics, and Sources of Bias
The results of our literature search are shown in Figure 1 . Our initial search revealed 2,054 unique citations. Screening of these citations identified 17 studies that assessed sleep in critically ill patients after hospital discharge (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . An additional 5 studies were identified through searching reference lists, yielding a total of 22 articles reviewed (44) (45) (46) (47) (48) .
Of the 22 included studies, 21 were prospective cohort studies (2 as a secondary analysis) and 1 was a cross-sectional study. There were no randomized, controlled trials. Given the descriptive nature of these studies, the major outcomelevel biases of measuring post-ICU sleep disturbance prevalence were: (1) information bias from variations in assessment tools (Table 1) ; and (2) attrition bias from loss to follow-up (Table 2) .
Subjective Studies of Sleep in Critically Ill Patients
Of the 22 included studies, 17 used standardized questionnaires to assess subjective sleep disturbance after critical illness (27, 29-42, 45, 46) . These studies vary widely in tools used, ranging from original questionnaires, to quality of life tools, to validated sleep surveys (Table 1) (49) (50) (51) .
These subjective tools can be categorized into three groups. Some tools broadly assess sleep across its fundamental domains, such as sleep initiation, sleep maintenance, sleep quality, and daytime somnolence-these include the Pittsburgh Sleep Quality Index (PSQI) and Basic Nordic Sleep Questionnaire (BNSQ) (50, 52, 53) . Several other instruments emphasize just one or several of these aspects of sleep-for example, the Epworth Sleepiness Scale, the Verran and SnyderHalpern Sleep Scale, and the Insomnia Severity Index (ISI) (49, 51, 52, (54) (55) (56) . Finally, some questionnaires assess the functional effects of sleep disturbance on health-related quality of life (HRQoL), such as the Functional Outcomes of Sleep Questionnaire and Nottingham Health Profile (NHP) (52, 55, 57) . Although the PSQI overall is the most widely used and well validated, none of these tools has been validated in critically ill populations.
SYSTEMATIC REVIEW Prevalence of Sleep Disturbance after Hospitalization
Subjective questionnaire studies that measure the prevalence of sleep disturbance (14 studies) are summarized in Table 2 .
Three studies assessed sleep within 1 month after hospitalization, when the prevalence of sleep disturbance ranged from 50 to 66.7% (30) (31) (32) . Five studies assessed sleep at over 1 month to 3 months after hospitalization or ICU stay, and showed a 34-64.3% prevalence of abnormal sleep (27, 29, 30, 32, 40) . In one of these studies, 23% of patients additionally reported significant daytime sleepiness (40) . The most common time studied was over 3 to 6 months after hospitalization or ICU stay (eight studies), in which the prevalence of sleep disturbance ranged from 22 to 57% of patients (29, 30, 32, 33, (35) (36) (37) 45) . In five studies with over 6-month follow-up, the prevalence of sleep disturbance was 10-61% (27, 33, 38, 41, 42) .
Three questionnaire-based studies compared post-ICU patients to a reference population (33, 41, 45) . Orwelius and colleagues (33) assessed sleep posthospitalization in a subset of 1,625 ICU patients in Sweden and compared them to a group of 10,000 community-dwelling people from the hospital intake area. Compared with the reference group, the post-ICU sample self-reported greater difficulty falling asleep (38 vs. 13%), worse sleep quality (20 vs. 12%), and greater sleep deficit (61 vs. 55%) 6 months after hospital discharge. Similarly, Combes and colleagues (41) reported on a subset of 347 mechanically ventilated ICU patients (n = 87) who completed the NHP quality of life tool at 3 years post-ICU. They determined the mean sleep score after hospitalization to be significantly worse than in a community-based population of age-and sex-matched control subjects with no significant illnesses. In contrast, Masclans and colleagues (45) found that the average NHP sleep score for 38 patients with ARDS 6 months after ICU admission was the same compared with a healthy Barcelona reference population (P = 0.364).
Changes in Prevalence of Subjective Sleep Disturbance over Time
Five of the questionnaire studies assess sleep at multiple time points after hospitalization (27, 29, 30, 32, 33) . Over time after hospitalization, sleep disturbance either improved (four studies) or remained stable in prevalence (one study) ( SYSTEMATIC REVIEW SYSTEMATIC REVIEW Two studies that assessed sleep at multiple time points included an assessment of prehospitalization sleep. Orwelius and colleagues (33) found that 21% of patients had poor sleep quality prehospitalization, and 22% of these patients reported poor sleep quality at 6 months posthospitalization using the BNSQ. Notably, baseline sleep dysfunction was gathered by asking patients at 6-month follow-up to retrospectively assess their prehospitalization sleep using a single BNSQ sleep question. The second study, by McKinley and colleagues in 2013 (29) , assessed sleep in 222 mixed-ICU patients across five time points: once prehospital (using the ISI retrospectively upon admission), twice within the hospital (using the Richards Campbell Sleep Questionnaire), and at 2 and 6 months posthospitalization (using the PSQI). A total of 18% of patients had prehospital insomnia, 62% had poor sleep quality at 2 months, and 57% had poor sleep quality at 6 months. Only 10%, however, had poor sleep at all time points during and after ICU stay (29) .
Objective Studies of Sleep in Critically Ill Patients
Eight studies used objective measures to quantify sleep disturbance parameters in post-ICU patients (Table 3) (28, 31, 39, 40, 43, 44, 47, 48) . Six of these studies used PSG (3), one used actigraphy, and one used portable sleep study. Actigraphy is accomplished with a small device worn on the wrist or ankle with internal accelerometer that is validated to measure rest-wake patterns via body movement (3, 40, 58) .
Lee and colleagues (39) used PSG to describe sleep in seven survivors of ARDS who reported persistent sleep difficulties at least 6 months posthospitalization. Each patient was diagnosed with a primary sleep disorder-five with conditioned insomnia, **Using a composite criterion incorporating both subjective and objective measures, with sleep disturbance defined as abnormalities in at least one measurement tool.
SYSTEMATIC REVIEW (44) performed PSG during acute CCU admission, but in a removed sleep center to reduce the contribution of environmental factors to poor sleep. Each group also separately studied patients with ACS who had sleepdisordered breathing (SDB) on an admission PSG (47, 48) . All four of these studies found that objective sleep parameters were significantly disturbed on admission, with significant improvement on follow-up PSGs-in the study by Schiza and colleagues in 2010 (44) , for example, patients gradually returned to normal sleep architecture 6 months after ACS (28, 44, 47, 48) . Similarly, Skinner and colleagues (43) observed a 50% decrease in SDB prevalence in CCU patients undergoing sleep study, both at admission and at 6 week follow-up.
Using multinight actigraphy, Solverson and colleagues (40) assessed sleep in 11 critical illness survivors 3 months after hospitalization, excluding patients with various acute or chronic neurologic deficits. Overall, patients had an average sleep time of 6.15 h/night and sleep efficiency of 78%, which the authors suggested were lower than expected compared with normal subjects (by 1 h and 10%, respectively).
Risk Factors for Disturbed Sleep
Studies assessing risk factors for post-ICU sleep disturbance are shown in Table 4 .
Nonmodifiable risk factors associated with poor posthospital sleep included female sex and increased age (27, 34, 37, 46) . Race and ethnicity data were explicitly reported in only four studies with predominantly white samples-one study calculated no difference in insomnia rates between white and nonwhite groups (32, 35, 38, 43) .
In terms of prehospitalization risk factors, only the 2013 study by McKinley and colleagues (29) analyzed prehospital sleep using ISI insomnia scores, which were independently associated with poorer sleep at 6 months after hospitalization. Orwelius and colleagues (33) noted that self-reported concurrent disease before hospitalization (inquiring about numerous chronic conditions) was a significant driver of poor sleep (odds ratio of 2.51 for poor sleep quality at 6-mo follow-up; P , 0.001). Chen and colleagues (34) similarly found that increasing number of chronic diseases (at least three to four; P = 0.014) independently predicted poor sleep quality in respiratory care center patients being weaned from mechanical ventilation. In contrast, Solverson and colleagues (40) found no association between pre-existing comorbidity (cancer, asthma/chronic obstructive pulmonary disease, cardiovascular disease, obesity, and diabetes) and sleep quality 3 months after discharge. Parsons and colleagues in 2012 (35) also did not identify an association of baseline smoking, chronic health problems, or psychiatric disorders with postdischarge insomnia.
Several studies analyzed the effects of in-hospital factors, such as Acute Physiology and Chronic Health (APACHE) scores (a measure of disease severity), ventilator days, ICU and hospital length of stay, and ICU medication use. In these studies, sleep disturbance was associated with having poor sleep quality in the hospital ward (but not in the ICU for the same study), APACHE II scores, ICU acute stress symptoms, and total days of hospital opioid use (29, 34, 38, 40) . Three studies, however, found no association between various in-hospital factors and poor post-ICU sleep, including ICU and hospital length of stay, APACHE scores, admission diagnosis, or mechanical ventilation days (29, 33, 35) .
Posthospital factors associated with poor sleep after discharge were primarily assessed using validated questionnaires focusing on HRQoL measures and psychological factors (depression, anxiety, stress; Table 4 ). Many of these scores were found to be independent predictors of poor sleep after discharge.
Specific Patient Populations
Chen and colleagues (34) retrospectively assessed predictors of poor sleep quality in 94 patients undergoing weaning from mechanical ventilation in a specialized respiratory care center in Taiwan. Their regression analysis demonstrated that disease severity (APACHE II, P = 0.001), current use of hypnotic drugs (P = 0.001), and increasing number of chronic diseases (P = 0.014) independently predicted poor sleep quality.
Cronberg and colleagues (42) assessed neurologic outcomes in 43 survivors of cardiac arrest who underwent therapeutic hypothermia. Using the Skane Sleep Index (a modified version of the PSQI), they found that 22% of patients had frequent insomnia symptoms, 10% experienced poor sleep quality, and 6.5% had excessive daytime sleepiness at mean 7.2-month follow-up after cardiac arrest.
Discussion
This Systematic Review identified 22 articles assessing sleep disturbance in critically ill patients after hospitalization. These studies vary widely in their sample numbers, patient characteristics, time to follow-up, and assessment tools, the latter of which may particularly limit comparison across studies given the numerous domains of sleep. Nonetheless, these studies together help to clarify the effects of critical illness on sleep during recovery. Such understanding can be important, as sleep disturbance is a potential component of the posthospital syndrome that leaves patients in a physiologically vulnerable state after discharge (24) .
These studies suggest that the prevalence of sleep disturbance in post-ICU patients is high-ranging from 50 to 66.7% in the first month after hospital discharge and 22-57% at 3 months or longer to 6 months after hospital discharge, with two studies suggesting that these rates are significantly higher than in the general population. In the subjective studies that measured sleep at multiple time points, however, four of five showed improvements in sleep disturbance over time (27, 29, 30, 32, 33) . This is reinforced by several studies measuring objective sleep parameters, which showed a significant improvement in sleep parameters over time after discharge (28, 44, 47, 48) . SYSTEMATIC REVIEW Table 4 . Risk factors and metrics associated with poor sleep after discharge Reported as significant associations, but P values not provided.
x Associations with "poor quality of sleep" metric in the study.
jj
After adjustment for PTSD (PCL score) and depression (PHQ-9 score). ¶ Including MCS, bodily pain, vitality, and physical function SF-12 scores.
SYSTEMATIC REVIEW
Notably, two objective studies found a high rate of SDB in patients with ACS, which decreased in prevalence over time after discharge coincident with improvement in other objective sleep parameters (43, 47) . Thus, improvement in SDB may provide one potential mechanism by which subjective sleep disturbance improves over time. Cardiac disease and ACS, however, are strongly associated with SDB, and thus generalization to other critically ill populations is limited.
Given the likely multifactorial etiology of sleep disturbance in critically ill patients, it is important to assess pre-existing sleep disturbance before ICU stay. Orwelius and colleagues (33) reported no change in the prevalence of poor sleep quality between pre-ICU and 6 months after ICU stay (21 and 22%, respectively). This study, however, retrospectively assessed prehospital sleep at 6-month follow-up, and thus their results may be particularly subject to recall bias. McKinley and colleagues (29) , on the other hand, determined that 18% of their ICU patients met prehospital insomnia criteria upon admission, whereas 62 and 57% at 2 and 6 months, respectively, had poor sleep quality by PSQI criteria. Interpretation of these results, however, is constrained by the use of different sleep assessment tools across time.
Analyses of risk factors for post-ICU sleep disturbance are conflicting. Three of five studies suggest that pre-ICU factors contribute to posthospital sleep disturbance, with prehospital insomnia scores (29) and chronic comorbidities (33, 34) being associated with poor sleep outcomes. The other two studies found no such relationships, though their definitions of comorbidity were narrower or poorly defined (35, 40) . Notably, two studies identified sex as a nonmodifiable factor associated with poor posthospital sleep (27, 37) . Sex differences have been observed for sleep in the literature-for example, healthy men and women differ in their sleep duration, quality, and architecture, as well as in rates of insomnia and obstructive sleep apnea (59) . Men and women also appear to respond differently to acute sleep debt, such as what might occur in critical illness (60, 61) .
Regarding in-hospital factors, two studies found that APACHE II scores (34, 40) predicted poor posthospital sleep, whereas three studies did not find any contribution of in-ICU factors to poor sleep outcomes (29, 33, 35) . Other important in-hospital factors associated with posthospital sleep disturbance were sleep quality on the hospital ward (29) , ICU acute stress symptoms (38) , and days of hospital opioid use (38) . These findings suggest that there are potentially modifiable risk factors during hospitalization that can be targeted to limit poor sleep after discharge.
Several studies demonstrate abundant associations between postdischarge sleep disturbance and multiple poor quality-oflife domains, including physical and mental health, fatigue, mobility, and self-care (29, 30, 32, 33, 35, 37, 40) . In several cases, postdischarge psychological comorbidities (anxiety, depression, and stress) were also significantly associated with sleep disturbance and quality-of-life impairment (29, 30, 38, 40) . There is likely to be, however, some overlap and confounding in the measurement and diagnosis of these entities-for example, in the 2015 study by Parsons and colleagues (38) , quality-of-life outcomes were no longer associated with insomnia when adjusted for post-traumatic stress disorder and depression symptoms. Given their likely complex interactions, the effects of psychological comorbidity, quality of life, and sleep disturbance on post-ICU recovery warrant further investigation.
There are several potential limitations of this review. First, sleep encompasses an expansive field with potential overlap across many patient-centered outcomes. Although we did not search specifically for studies of quality-of-life or psychological outcomes, these studies could include sleep items in their measurement tools. Second, we considered studies of postoperative patients and patients with other primary surgical issues to be outside of the scope of this review, given their distinct clinical characteristics. There is, however, evidence that sleep can be impaired after discharge in these critically ill populations-for example, cardiac surgery studies have been previously reviewed (62) (63) (64) . Third, we identified several articles focused on sleep after transfer out of the ICU (18-21) . Although we did not review these studies, they represent potential sources for understanding the more immediate impacts of critical illness on sleep while patients are still hospitalized. Finally, the small numbers of patients, variety of instruments, and varying study quality did not allow for combining data for a meta-analysis.
Conclusions
Sleep disturbance after critical illness appears to be highly prevalent after hospital discharge, even at time points up to 1 year after hospitalization. Nonetheless, several studies suggest the potential for improvement in self-reported sleep, as well as objective sleep parameters, over time. Risk factors for poor sleep are conflicting, but there may be significant contributions of prehospitalization factors (such as chronic comorbidity and prehospital sleep disturbance) and in-hospital factors (such as acute severity of illness, sleep within hospital, pain medication use, and ICU acute stress symptoms). Given the importance of sleep to both physical and psychological well being, more research is needed to characterize sleep disturbance and risk factors for poor sleep in posthospital critically ill patients so as to minimize injury during hospitalization and optimize recovery. n
